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DATE: December 7, 1994 PPM-95-105
TO: B. Fataul/311.}
FROM: K. Sahw/300.1  [52-
SUBJECT: Radijation Report on HST/CAL

Part Ne. LMI10

Control No. 11117 cc: A. Sharma/311

Library/300.1

A radiation evaluation was performed un LM10O (Operational Amplifier and Voltage Reference} to determine the
toial dose tolerance of these parts. A brief summary of the test results i3 provided below. For detailed information,
refer to Tables 1 through IV and Figure 1.

The total dose testing was performed using 2 80y gamma ray source. During the radiation testing, eight parts were
irradiated under bias (see Figure 1 for bias configuration), and two parts werc used as conirol samples, The total
dose radiation levels were 2.5, 5, 10, 15, 20 and 30 krads”. The dose rate was between 0.06 and 0.59 krads/hour,
depending on the total dose level (see Table 1T for radiation schedule). After the 30 krad irradiation, parls were
annealed at 25°C for 168 hours, after which the parts were annealed at 160°C for 168 hours. After each radiation
exposure and annealing freatment, parts were electrically tested according to the test conditions and the specification
limyitg** listed in Table 1I1.

Ali parts passed initial electrical measurements. All irradiated parts passed all electrical and functional tests up to
and including the 2.5 krad level. At the 5 krad level, all irradiated samples except SN/58 exceeded the maximum
specification limit of £ 20.00 nA for all four P_iIB and N_IIB tests, with readings ranging from -21.70 nA 10 -28.94
nA. In addition, All irradiated samples exceeded the maximum specification limit of + 700 pA for [IOS@1.2V and
1IQS@45V, with readings ranging from -793 pA to -1756 pA.

In addition, at the 5 krad level, S/N 53, 56, 57 and 60 fell below the minimum specification limit of -3.000 mV for
VOS@E+20 mA, with readings of -10.246 mV, and S/N 53, 54, 56, 57 and 60 fell below the minimum specification
limic of 5.000 V/mV for AQL_20mA, with readings of 2.186 ¥/mV.

At the 10 krad level, the same parts continued to exceed the maximum specification limit for P_I1B and N_IIB, with
readings ranging from -30.54 o -55.78 nA, and all irradiated paris continued to exceed the maximurm specification
linit for [TOS@) .2V and IIOS@45V, with readings ranging from -2111 to -4747 pA. In addition, all exceeded the
maximum specification limit of 50.00 nA for both I FB@45V and I_FB@1.2V, with readings ranging from 50.31
to 76.93 nA. All irradiated parts except S/N 58 fell below the minimum specification limit for VOS@+20mA, with
readings -10.246 mV, S/N 53, 54, 56, 57 and 59 exceeded the maximum specification timit of 3.000 mV for
YOS5@--20mA, with readings ranging [rom 4,329 to 9.093 mV and all irradiated parts fell below the minimurh
specification limit of 5.000 V/mV for AOL_20mA, with readings of 2.186 B/mV. )

*The term rads, as used in this document, means rads{silicon). Al radiation levels cited are cumulative. :
#¥These are manufacturer's pre-irradiation data specification fimits. No post-irradiation limits were provided by the
manufacturer at the time these tests were performed. o
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At the 15 krad level, all parls continued to exceed specification limits for the P_IIB, N_IID, 1i0S and I_TDB tests,
with readings two to fowr times larger ,and all partsexceeded specification limits for VOS@ 20mA and
AQL_20mA,, with readings appmximately':iﬁhe‘same level as at the 10 krad level.. In addition, all irradiated parts
except 5/N 58 fell below the minimum specification limit of 8.00 VimV for ASH_15mA, with readings 2.186 1o
3,900 vimY. At this irradiation level, reliable data could not be obtained for ASH_15mA for some samples.

Al lhe 20 and 30 krad levels, all parts exceeded specification limits for the same parameters at slightly higher levels.
Some parls also exeeeded specilication Limits for some additional AOL and ASH tests.

Aller annealing tor 168 hours at 25°C, no recovery was observed,
Aler annealing for 168 hours at 100°C, no rebound effects were observed.

Table 1V provides s summary of the mean and standard deviation values for each parameter after different
irradiation exposures and annealing steps.

Any further details about this evalualion can be cbtained upon request. Lf you have any questions, please call me at
(301) 731-8954.

ADVISORY ON THE USE OF THIS DOCUMENT

The information contained in this document has basn developed solely for the purpose of pruviding
general guidancs o employees of the Goddand Space Flight Center (GSFC). This ducument muy
he distributed cutside GSFC only as o courtesy to other povernment agencics and coniractors, Any
disttibution of this document, or mpplication or pss of the informmation contained herein, is
cxpressly conditional wpan, and i3 subject to, the following understandings and limitations:

{a) The intormation was developed for gencral gnidanee only and is subject to change at any time;

{b) The information was developed under unique GSEC laboratory conditiond which may differ
substantially froim outside conditions;

{¢) GSFC does not warrant the accuracy of the information when epplied or used onder ather than
vnique GSFC Jabortory conditions,

{dy The i.lll'oiﬁmtinn should not by cunsinwed ws a representation of product pertormance by sither
GSFC or the manufagrurer;

(¢) Nelther the United States government nor any person aciing on behall of the United States
govemment assumes any liabllity resulting from the application or use of the infurmalion.
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"TABLE 1. Part Information

PN

Generic Part Number:

HST/CAL
Part Munber:

HST/CAL
Control Number:

Charpe Number:
Muanulacturer:
Lot Date Code:
Quantity Tested:

Serial Number of
Control Samples;

Serial Numbers of

Radialion Samples:

Parl Function:
Part Technology:
Package Style:
Test Equipment:

Test Engineer:

LMI10
5962-8760401GA

11117

E144554

Linear Technology Corp.
93300

19
51,352

53, 54, 53, 56, 57, 58, 59, 60
Cp Amp and Voltage Reference
Bipula'r

3-pin Tox ¢an

AS540

T. Mondy

* No radiation tolerance/hardness was puarunteed by the manufacturer for this part,
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TABLEJL. Radiation Schedule for LM
EVENT Vg
1) INITIAL CLECTRICAL MEASUREMENTS

2) 2.5 KRAD IRRADIATION {(.15 KRADS/HOUR)
POST-2.5 KRAD ELECTRICAL MEASUREMENT

3) 5 KRAD IRRADIATION (0.15 KRADS/HOUR)
POST-3 KRAD ELECTRICAL MEASUREMENT

4) 10 KRAD I[RRADIATION (.15 KRADS/HOQUR)
POST-10 KRAD ELCCTRICAL MEASUREMENT

53 I5 KRAD IRRADIATION (0.56 KRADS/HOUR)
POST-15 KRAD ELECTRICAL MEASUREMENT

63 20 KRAD IRRADIATION (0.29 KRADS/HOUR)
POST-20 KRAD ELECTRICAL MEASUREMENT

T3 30 KRAD IRRADIATION (0.59 KRADS/IOUR)
POST-30¢ KRAD ELECTRICAL MEASUREMENT

3} 168-HOUR ANNEALING @25°C
POST-168 HOUR ANNEAL ELECTRICAL MEASUREMENT

9} 168-HOUR ANNEALING @100°C**
POST-168 HOUR ANNEAL ELECTRICAL MEASUREMENT

PARTS WERE IRRADIATED AND ANNEALED UNDER BIAS; SEE FIGURE 1,

DATE
(19/14/94

10/04/94
10/05/94

10/03/94
10/0:6/94

i0/06/94
10/07/94

10/07/94
10/11/94

10/11/94
10/12/94

10/12/94
10/13/54

10/14/94
10/21/94

10/21/94
10/28/94

*High temperature anngaling is performed to accelerate long temi time dependent effects {1DE), namely, the
"rebound” effect due to the growth ol nlerlace states after the radiation exposure. For more information on the

need to perform this test, refer Lo MIL-STD-833D, Melhod 1019, Para. 3.10.1,

-4~
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Table 11. Elecitrical Characieristics ef IL.M10

o

FrI

Unless Othenvise Specified: T4 =25%C

TEST NAME SYMBOL CONDITIONS LIMITS
: MIN MAX
Is@ 1.2V Is +Vee =12V, -Vee= 0.0, Vo = 0.6V 400 A
Is (@ 45V Is +Vec = 45V, -Vee= 1.0V, Vo = 0.6V 400uA
Delia Is Als +Vee = (1.2V,45V), -Vee= 0.0V, VouT = 0.6V -100uA 100uA
Delta 15 Als ¥Vec = 5V, -Veem 0.0V, Vo = (4.5V, 5V) -60uA G0uA
Yos @ 1.2V VIO +¥ee = 1.2V, -Vee= 8, VouT = 0.6V, I1,=0mA ImV 2mV
P 1B @ 1.2V +Irp FVee= 1.2V, -Ver= 0.0, VouT = 0.6V 200A
N _IIB@ 1.2V -I1B +¥Vee= 1.2V, -Vee= 0.0, Vo = 0.6V 20nA
TIOS @ 1.2V Tio +Vee = L2V, -Veo= 0.0, VU = 0.6V ~700pA. 700pA
Vos @ 45V VIo +Vee = 48V, -Voe= 0, V oy = 225V, 11 = OmA mV SmV
P_XIB @ 45V IR +VYee =45V, -Vee= 0.0, Vo =22.5V 20nA
| N_IIB (@ 45V IR +Vee = 45Y, -Vee= 0.0, VoUIT = 225V 2004
BIGE @45V 1o +¥ee= 45V, -Veo= 0.0, Vour = 22.5V ~700pA 700pA
Vo5 @ 2mA Vio Ve = 12V, Vee= 0, Vo = 6V, Iy, = 2mA 3mvV 3mV
Vo @ -2mA Y10 +Vee w L2V, -Veem 0, Vo = .6V, I, = -2mA -3mV 3ImV
Yos @ 20mA YI0 +Vee = 4.0V, -Vee= 0, VT =2V, I, = 20mA SmV ImV
Vs @ -20mA VI_O tVee =40V, -Veem 0, Vopur = 2V, I, = -20mA -Im¥Y ImV
CMRR CMER +Vee = (25Y, 5¥) , -Vee= (20, 0V), 934dB
: YouT = (22.5V,-21.7V) See Note
-PSER PERE +¥ee =085V, -Veo= (-0.35V,-44.2¥), S90dRB
Your = 123V
+PSRR PSRR Yo = (0.85V, 44.6V) , Vo= .35V, 904D
VOUT =025V
AOL Av +Vee =20V, -Vee= -20V, VayT = $19.95Y, 120 V/mv
Iy, = 0mA
AOL_20mA Ay +Vee = 2V, -Ver= -2V, Vour = £1.4V, 5 VimV
Iy, = +20mA "
AQOL 2ZmA Ay +Vee = 0.85V, Vee=-0.35V, Vo = £19.95V, 1.5 V/mV
Iy, = +2mA
ASH_}]I]A ._AVSH Vour =+Vee =(1.2V, 6.1 V), -Vee= 0V, 14V/mV
I3 =2mA
ASII_1ma AVSH - ¥our ="*Vee = (1.2V,6.1V), -Vec= 0V, 14 VimV
Ip=0.lmA
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Table Il (cont®d.). Eleetrical Characteristics of LM10

T

Unless Otherwise Specified: T, =25°C

TEST NAME | SYMBOL CONDITIONS — LIMITS
ASH_15mA Aven Vour =+Vee = (14V, 6.4V), ~Vee= 0V, 8V/mY _
Ty =I5mA
ASH_.1mA Aysy Your = tVee = (1.4Y, 6.4V), -Vee= 0V, 8 VimV
Iy =0,1mA
REF GAIN Ay +Vee = 44.8V, Voo~ 02V, Vour = 0V,35V) | 50V/mY
. _ Iy, = 1mA
V_FB@35V,| VsENSE +Veo = 44.8V, -Vee= 0.2V, VouT = 35V 195mV 205mV
1mA I{,=1mA
V_FB @0V, VSENSE Voo = 4.8V, -Vee= -0.2V, Vaprr = 0V 195mV 205mV
1mA ' ' Ir,=ImA
V_FB @ 35V, VSENSE +V¥ce = 44.8V, -Vee=-0.2V, Vorrr = 35V 1¢5mV 205mV
OmA _ Iy, =0mA
1 FB @ 45V ISENSE +Vee =44.8V, - Vee=-0.2V, YouTr = 0V 50nA.
11,=0mA
1 FB@ 1.2V ISENSE +Vee =1V, -Vee= 0.2V, YT = 0V 50nA
It,=0mA
Line Reg, VRLINE +¥ee=(1.2V, 45V), -Vee= 0V, Va1t = VREF 91dB
I1,=1mA
Load Reg @ VRLOAD +¥ee= L2V, -Vee= 0V, VoyuT = VREFR 604D
1.2V I, = {5uA, TmA)
Load Reg @ VRLOAD +Vee =45V, -Vee= 0V, VouT = VRER 60dB
45V It, = (SuA, fmA)

Note: The Cammaon Mode Rejection Ratio Test was performed with AVem = 44.2V
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TABLE IV: Summary of Electrical Measurements after
Total Dose Exposures and Annealing for LM10 /1

Tolal Dose Exposure (krads) Apgealing
Initials 15 | 5 10 15 20 30 I8 hrs 168 krs
Test Spec Lim/2 @ISO @O
# Parameicrs Unils min max =4 s sd
1 @12V pAl o 400 s =g an o] g L L 7.0 2.0
2 bEd5V pal © 400 T n 7] 9.0 7.0 8.4
a VOSE1.2V m¥| -2 2 . 28 ' . 21 24 19
4 P_IIP@:.2V nA| -20 20 . ! Ty 15 e | 13 18
5 N_ITR@L.2¥ nA! -20 20 g . . £ EEd 12 X 0 M| 26 17
5 |MOs@E13V pA| 700 | 700 sl ST H 2536 i 1 ; | T | 4.1
7 |[vosmdsy my| 2 2 ! £t IR ¥ . ¥ 28 330 . 337 ‘o35 29 | 20
3 P_IIB@dSV pA| 20 301 92 16 . 8. 3, 15 : 1 1. |08 | 13 13
& N ITRE45Y "EED tai 1 rEE B A0:0:] x2 i N 14
10 |TOS@E4SY pA| -700 ik : ) 5:| 7535 | _79sE: { =083 5199
H | vOS@E+Ima my¥| -3 28 . b6 | 27 .18
1 |VOS@-2mA my¥| 3 25 . 831 22 2.5 L6
13 {(VOSE+20mA m¥| -3 . : 9. 2] o0 ] I
4 |VOS@-20ma m¥V| -3 Rk E 2] o TEn 5T o BT "
15 |CMRR dBf ©3 1.3 [i1aT: CwF ] s [ 1s 1.5
16 |-PSRR dB| © L . 890ET 2 10 A ] 1.2 2K
1T |+PSRR dB| g 1% . 108 TR 1g3:" L1 8 | 2.3 1.8
12 laon YarV| 170 i 7 146 T ST 112
19  |AOL 20ma VimV{ 5 E [ i Fis ] 0 [
20 [AOL 2mA Vmv| 15 a5 ER L 453 A4 B 28 | .01 01
21 |AsH 2mA Vvimv| 14 ¥ ¥ \ ] 33 : ' 2.1
22 [ASH .Jma Vim¥| 14 3.6 4.0
23 |ASH 15ma Vimv| &
24 |ASH .ima Vimv| & LK 5.7
25 |REF GAIN Vimy| 50 1.9 8.0
26 |V FE®3ISV,ImA  w¥| 198 1.3 L0
27 |¥ FB@IV,ImA mV| 19% 1.3 .59
1§ |¥ FR@¥SV,limA  m¥| 195 1.3 LO
29 |V FB&@IY0mA mY| 195 1.3 .59
30 |1 FB@ASY aAl - 0L a.7
31 1 FR@12V wa| - .80 9.6
32 [LineReg. daB8) o1 2.1 L5
33 [LomdTRep, @12V  dB] & 2.5 a7
34 |LeadReg. @45V dB| 60 4.5 15
35 |100 Delta Is pal -100 1.0 1.0
36 102 Delta Is pa] 50 7.0 50
Notes:

1/ The mean and standard deviation values were calculated over the eight parts irradiated in this testing. The control samples
remained constant throughout the testing and are not included in this table.

2/ These are manufacturer's non-irradiated data sheet specification limits. No post-irradiation limits were provided by .
the manufacturer at the time the tests were performed.

3/ No reliable reading could be obtained at this point.

Radiation-sensitive parameters: P_IIB, N_IIB, IIOS, VOS, AOL and I_KFB.

-7-
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Figure 1. Radiation Bias Circuit for LM 10

C e

Bias Conditions;

Yoo =100 VDC £ 0.05 VDO
R, =500 0, KWW

R, = kQ), UW

R, = 24 kO, VaW



